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(54)  A  die  for  compaction  of  powder. 

©  A  die  for  compacting  powder  by  dynamic  compaction. 
The  die  is  intended  for  compaction  pressures  substantially 
above  1  GPa.  The  die  is  made  of  a  mixture  of  a  plastic 
material  and  a  metal  powder.  The  die  has  the  same  density 
before  compaction  as  the  powder  to  be  compacted.  Furth- 
ermore,  the  die  undergoes  the  same  increase  in  density 
during  compaction  as  the  powder  being  compacted.  The  die 
is  cheap  relative  to  a  steel  die  and  can,  thus,  be  made  for 
single  use.  The  range  of  geometries  possible  to  compact  is 
greatly  extended. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  die  for  compact ion  o f  

powder  by  the  impact  of  a  punch .  

In  p r i o r   a r t   dynamic  compaction  of  powder  s o l i d   s t e e l   dies  have  norm- 

a l ly   been  used  to  suppor t   the  powder.  When  a  high  v e l o c i t y   punch  i s  

impacted  on  the  powder  to  c rea te   the  compacting  shock  wave  a  number 

of  problems  a r i s e   depending  on  the  very  high  p r e s s u r e   c rea ted   and 

the  d i f f e r e n t   c h a r a c t e r i s t i c s   of  powder  and  die .   F i r s t l y ,   when  t h e  

shock  f ron t   reaches   the  powder-die   i n t e r f a c e   the  high  p r e s su re   b e h i n d  

the  f ron t   is  r e f l e c t e d   so  that   wave  i n t e r a c t i o n   and  cracking  is  norm- 

a l ly   caused  w i t h i n   the  compacted  ob j ec t ;   th i s   occurs  more  of ten  t h e  

h igher   the  p r e s s u r e   is .   Secondly,   the  ex t ra   high  p r e s s u r e   may  c a u s e  

u n d e s i r a b l e   m i c r o s t r u c t u r a l   changes,  such  as  those  caused  by  o v e r -  

h e a t i n g ,   w i th in   the  ob jec t   being  compacted.  T h i r d l y ,   the  v e r y  

high  p r e s s u r e s   gene ra t ed   in  the  die  wi l l   very  qu ick ly   lead  to  d i e  

deformat ion   and  b reakage .   In  a d d i t i o n   to  being  expensive   to  r e p l a c e ,  

the  dies  c rea te   problems  of  removal  from  the  compaction  chamber,  

which  may  i t s e l f   have  s u f f e r e d   de fo rma t ion .   F o u r t h l y ,   the  geometry 

of  the  compacted  ob jec t   is  l imi t ed   to  forms  having  r e l a t i v e l y   g e n t l e  

changes  of  s e c t i o n   and  la rge   raddi  of  c u r v a t u r e .   Otherwise,   u n a c c e p t -  

able  p r e s s u r e   changes  and  wave  speed  changes  would  occur  around  t h e  

powder-die   i n t e r f a c e .  

The  ob jec t   of  the  p r e s e n t   i n v e n t i o n   is  to  propose  a  die  having  such  

c h a r a c t e r i s t i c s   tha t   a l l   of  the  above  mentioned  problems  are  a v o i d e d .  

When  a  shock  wave  passes   through  a  m a t e r i a l   there   is  an  a lmos t  

i n s t a n t a n e o u s   change  of  p r e s s u r e ,   dens i ty   and  p a r t i c l e   v e l o c i t y  

at  the  shock  f r o n t .   These  changes  are  d i f f e r e n t   for  d i f f e r e n t   m a t e r i a l s  

and  depending  on  the  s t r e n g t h   of  the  shock  wave.  The  r e l a t i o n s h i p  

between,  for  i n s t a n c e ,   p r e s su re   change  and  dens i ty   change  or  p r e s s u r e  

change  and  p a r t i c l e   v e l o c i t y   change  are  normally  ca l led   the  Hugon io t s  

of  the  m a t e r i a l .   It  is  s u f f i c i e n t   to  know  one  of  these  r e l a t i o n s h i p s  



because  the  o ther   r e l a t i o n s h i p s   can  be  c a l c u l a t e d   from  the  known 

one.  The  Hugoniot   of  a  p a r t i c u l a r   m a t e r i a l   may  e a s i l y   be  o b t a i n e d  

by  pe r fo rming   a  small  number  of  t e s t s   where  the  m a t e r i a l   is  i m p a c t e d  

by  a  punch  at  d i f f e r e n t   v e l o c i t i e s   and  the  change  in  p r e s s u r e   and 

p a r t i c l e   v e l o c i t y   are  m e a s u r e d .  

The  p r e s e n t   i n v e n t i o n ,   which  is  de f ined   by  the  appended  c la ims ,   i s  

mainly  c h a r a c t e r i z e d   by  the  choice  of  m a t e r i a l   of  the  die.   It   h a s  

been  found  tha t   a l l   the  above  ment ioned  problems  with  so l id   s t e e l  

dies  are  avoided  if  the  die  is  matched  to  the  powder  in  such  a  way 
. t h a t   the  d e n s i t y   of  t h e  d i e   is  s u b s t a n t i a l l y   equal  to  the  d e n s i t y  

of  the  powder  be fore   compaction  and  the  change  of  dens i t y   c r e a t e d  

by  the  shock  wave  is  s u b s t a n t i a l l y   equal  for  die  and  powder .  

S u b s t a n t i a l l y   equal  in  th is   r e s p e c t   means  tha t   the  d i f f e r e n c e   i n  

dens i t y   is  less   than  15  %.  P r e f e r a b l y   the  d i f f e r e n c e   should  be  l e s s  

than  5  %.  The  r equ i r emen t s   of  good  matching  become  more  e x a c t i n g  

at  h ighe r   shock  p r e s s u r e s .   If  the  die  i s ,   in  th is   way,  p r o p e r l y  

matched  to  the  powder,  the  c h a r a c t e r i s t i c s   of  the  shock  wave  a r e  

u n a f f e c t e d   by  the  powder-die   i n t e r f a c e .   This  means  tha t   a l l   i n t e r -  

ac t ions   are  avoided  by  making  shock  p r e s s u r e ,   p a r t i c l e   v e l o c i t y  

and  shock  speed  the  same  in  powder  and  d i e .  

The  i n v e n t i o n   is  exempl i f i ed   below  with  r e f e r e n c e   to  the  accompan- 

ying  drawings  in  which  f ig .   1  shows  the  Hugoniots  of  a  tool  s t e e l  

powder  and  some  die  m a t e r i a l s  .   F igs .   2  and  3  show  what  may  become 

the  r e s u l t   if   t h e  d i e   is  not  matched  to  the  powder.  Figs .   4  to  7 

show  some examples  of  specimens  which  have  been   s u c c e s s f u l l y  

compacted  in  dies  according  to  the  p r e s e n t   i n v e n t i o n .  

In  f ig .   1  curve  1  r e p r e s e n t s   the  Hugoniot  for  a  tool   s t ee l   powder 

having  an  i n i t i a l   dens i ty   of  3.5  g/cm3.  Curves  2,  3  and  4  r e p r e s e n t  

the  Hugoniots   for  mixtures   of  a  commercial  two  component  p l a s t i c ,  

which  is  sold  under  the  name  Technovi t   4071,  and  d i f f e r e n t   m e t a l  

powders,  the  mix tu res   having  the  same  i n i t i a l   d e n s i t i e s ,   3.5  g/cm3, 

as  the  tool   s t e e l   powder.  With  t ungs t en   powder  added  curve  2  i s  

ob t a ined .   With  lead  powder  added  curve  3  is  ob t a ined .   With  n i c k e l  

powder  added  curve  4  is  o b t a i n e d .   Curves  1  to  4  show  the  compac t ion  

p r e s su re   p  as  a  f unc t i on   of  the  p a r t i c l e   v e l o c i t y   v .  



Proper  match ing   of  d ie  and   powder  r e q u i r e s   the  i n i t i a l   d e n s i t i e s  

to  be  the  same.  This  means,  for  a  given  powder  to  be  c o m p a c t e d ,  

that  the re   is  only  one  p o s s i b l e   compos i t ion   of  a  p a r t i c u l a r   p l a s t i c  

m a t e r i a l   and  a  p a r t i c u l a r   metal  powder  in  the  die.  I f ,   for  i n s t a n c e ,  

a  punch  is  impacted  on  the  powder  with  such  a  v e l o c i t y   tha t   a  compac t -  

ion  p r e s s u r e   of  5GPa  is  c r e a t e d ,   poin t   6  in  f ig.   1,  the  s econd  

r e q u i r e m e n t ,   that   of  equal  i n c r e a s e   of  dens i t y   for  powder  and  d i e ,  

r equ i r e s   tha t   the  Hugoniot  of  the  die  m a t e r i a l   passes   through  p o i n t  

6 .  Th i s   i s ,   in  th is   example,  achieved  with  the  mixture   c o n t a i n i n g  

tungs ten   powder,  curve  2.  Thus,  the  die  is  p rope r ly   matched  t o  

this  tool   s t e e l   powder and  a  compaction  p r e s s u r e   of  5  GPa  if  t h e  

Hugoniots  of  both  the  s t ee l   powder  and  the  die  m a t e r i a l   pass  t h r o u g h  

poin ts   5  and  6  in  f ig .   1.  As  can  be  seen  in  f ig .   1  the  p l a c t i c -  

lead  die  m a t e r i a l   matches  at  a  compaction  p r e s su re   of  6.5  GPa  and  t h e  

p l a s t i c - n i c k e l   die  m a t e r i a l   at  8  GPa. 

In  order  to  ob ta in   a  good  die  i t   is  nece s sa ry   to  use  e i t h e r   a  f a i r -  

ly  f a s t   s e t t i n g   and  viscous  p l a s t i c   or  a  h e a t - s e t t i n g   p l a s t i c   so 

that   g r a v i t a t i o n a l   s e t t l i n g   of  the  m e t a l l i c   powder  is  avoided  d u r i n g  

the  h a r d e n i n g   p r o c e s s .   Since  there   is  only  one  p o s s i b l e   m i x t u r e  

of  a  given  p l a s t i c   m a t e r i a l   and  a  given  f i l l e r   m a t e r i a l   which  g i v e s  

the  same  i n i t i a l   dens i ty   as  tha t   of  the  powder  to  be  compac ted ,  

proper  matching  for  a  s e l e c t e d   compaction  p r e s su re   must  be  found 

through  v a r i a t i o n   of  e i t h e r   or  both  of  the  components  of  the  m a t e r i a l .  

The  m a t e r i a l   may,  of  course,   con ta in   more  than  two  components.   The 

above  mentioned  examples  conta in   a  m i x t u r e  o f   a  p l a s t i c   m a t e r i a l   and 

a  metal  powder.  I t   may,  of  course ,   be  p o s s i b l e   to  f ind  other   m a t -  

e r i a l   combina t ions   which  f u l f i l   the  r equ i r emen t s   of  proper   m a t c h i n g  

to  the  powder  to  be  compacted.  In  p a r t i c u l a r   the  die  m a t e r i a l   may 

also  con t a in   p o r o s i t y   which  can  be  a  use fu l   parameter   for  c o n t r o l l i n g  

the  shock  b e h a v i o u r .  

Figs.  2  and  3  show  what  f r e q u e n t l y   happens  at  a  compaction  p r e s s u r e  

of  5  GPa  if  the  die  is  no t  ma tched   to  the  powder.  Fig.  2  shows  a 

piece  of  tool   s t e e l   7  compacted  in  a  die  13  of  p l a s t i c   w i t h o u t  

f i l l e r .   The  piece  conta ins   cracks  8  and  poorly  compacted  regions   9. 

Fig.  3  shows  a  piece  of  tool  s t e e l   10  compacted  in  a  die  14  o f  

s t e e l .   The  p iece   conta ins   cracks  11  and  overcompacted,   o v e r h e a t e d ,  



regions   12.  

Fig.  4  to  7  show  some  examples  of  specimens  15,  16,  17  and  18,  wh ich  

have  been  s u c c e s s f u l l y   compacted  in  dies  19,  20,  21  and  22,  23  a c c o r d -  

ing  to  the  p r e s e n t   i n v e n t i o n .   The  c r o s s - s e c t i o n a l   areas  of  t h e s e  

specimens  were  a p p r o x i m a t e l y   c i r c u l a r ,   but  th is   is  not  n e c e s s a r y .  
Since  dies  a c c o r d i n g   to  the  p re sen t   i n v e n t i o n   are  cheap  compared  t o  

s t ee l   dies  they  can  be  made  for  s ing le   use.  Fu r the rmore ,   t h e  m a t c h i n g  

of  shock  compress ion   behav iour   c o n s i d e r a b l y   extends  the  range  o f  

geomet r ies   tha t   can  be  compacted.  For  i n s t a n c e ,   specimens  having  r e -  

e n t r a n t   g e o m e t r i e s ,   as  shown  in  f ig .   5,  specimens  having  t h r e a d - l i k e  

par t s   as  shown  in  f ig .   6  or  specimens  comple te ly   e n c l o s e d  i n   the  d i e ,  

or  die  p a r t s ,   as  shown  in  f ig .   7.  

Below  three   examples  of  s u c c e s s f u l   compact ions   accord ing   to  t h e  

i n v e n t i o n   are  g i v e n .  

1.  A  tool   s t e e l   powder  of  i n i t i a l   d e n s i t y   3.5  g/cm3 was  i m p a c t e d  

by  a  p l a s t i c   punch  at  a  v e l o c i t y   of  2000  m/s,  thereby  c r e a t i n g   a 

compaction  p r e s s u r e   of  5  GPa.  The  powder  was  suppor ted   by  a  d i e  

com-posed  of  a  mix tu re   of  Technovit   4071  p l a s t i c   and  t ungs t en   powder .  

The  die  had  an  i n i t i a l   dens i ty   of  3.5  g/cm3.  The  compacted  p iece   had  

the  form  shown  in  f ig .   6.  The  th readed   p o r t i o n   had  a  d iameter   o f  

14  mm  and  a  l eng th   of  15  mm,  while  the  head  had  a  diameter   of  25  mm 

and  a  l eng th   of  10  mm.  The  compacted  p iece   showed  no  signs  o f  

c racking   or  of  over-   or  u n d e r - c o m p a c t i o n .  

2.  A  tool  s t e e l   powder  of  i n i t i a l   d e n s i t y   3.5  g /cm  was  i m p a c t e d  

by  a  p l a s t i c   punch  at  a  v e l o c i t y   of  1300  m/s,  thereby  c r e a t i n g  

a  compaction  p r e s s u r e   of  2.5  GPa.  The  powder  was  supported  by  a  d i e  

composed  of  a  mix ture   of  a  commercial  PVC  glue  and  iron  powder .  

The  die  had  an  i n i t i a l   dens i ty   of  3.5  g/cm3.  The  compacted  p i e c e  

had  the  form  shown  in  f ig .   4.  The  l a r g e r   d iamete r   was  50  mm,  t h e  

smal ler   d i ame te r   30  mm  and  the  length   of  each  p o r t i o n   10  mm. 
The  compacted  p iece   was  free  of  d e f e c t s .  

3.  An  aluminium  powder  of  i n i t i a l   d e n s i t y   1.4  g /cm  was  i m p a c t e d  

by  a  p l a s t i c   punch  at  a  v e l o c i t y   of  1500  m/s,  thereby  g e n e r a t i n g  



a  compaction  p r e s s u r e   of  1.5  GPa.  The  powder  was  suppor ted   by  a  d i e  

composed  of  a  mixture   of  Technovi t   4071  p l a s t i c   and  i ron  powder 

with  c o n s i d e r a b l e   f ine  sca le   p o r o s i t y .   The  die  had  an  i n i t i a l   d e n s i -  

ty  of  1.4  g /cm3.  The  die  geometry  was  that   of  f i g .   2.  The  compacted  p i e c e  

had  a  c y l i n d e r   d iamete r   of  50  mm.  The  cone  angle  was  90°  and  t h e  

cone  depth  10  mm.  No  d e f e c t s   were  found  in  the  compacted  o b j e c t .  



1.  A  die  for  compaction  of  powder  by  pass ing   a  shock  wave,  c r e a t e d  

by  the  impact  of  a  punch,  through  the  powder ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   t  h  e  r  e  b  y  

tha t   the  dens i ty   of  the  die  be fo re   compaction  of  the  powder  i s  

s u b s t a n t i a l l y   equal  to  the  dens i ty   of  the  powder  to  be  compacted 
and  that   the  i n c r e a s e   in  the  d e n s i t y   caused  by  the  pa s s ing   shock  

wave  in  the  powder  and  in  the  die  are  s u b s t a n t i a l   e q u a l .  

2.  A  die  accord ing   t o  c l a i m   1 ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   t  h  e  r  e  b  y  

that   the  die  comprises  a  mixture  of  a  p l a s t i c   m a t e r i a l   and  a 
metal  powder .  

3.  A  die  accord ing   to  claim  2 ,  

c  h  a  r  a  c  t  e  r  i  z  e  d   t  h  e  r  e  b  y  

that   the  metal  powder  is  p o r o u s .  
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